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(57)  An article (20) having good wear resistance in-
cludes a first component (22) including a boride coating
(42) and a second component (26) including a cobalt-

chromium-molybdenum coating (44) thatis in sliding con-
tact with the boride coating (42) of the first component
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Description
BACKGROUND

[0001] This disclosure relates to wear resistant coat-
ings for articles used in high temperature conditions.

[0002] Components that are subjectto wear during the
operation may include a wear resistant coating that ex-
tends the life of the component. Conventional coatings
that may be used at high temperatures, such as chromi-
um coatings, are undesirable for environmental reasons.

SUMMARY

[0003] Disclosed is an article having good wear resist-
ance. The article has a first component including a boride
coating and a second componentincluding a cobalt-chro-
mium-molybdenum coating that is in sliding contact with
the boride coating of the first component.

[0004] In one example, the article is a valve that in-
cludes a housing with a bore and a valve element with a
shaft that is received for movement within the bore. One
of the bore or the shaft includes a boride coating and the
other of the bore or the shaftincludes a cobalt-chromium-
molybdenum coating such that the cobalt-chromium-mo-
lybdenum coating is in sliding contact with the boride
coating

[0005] Also disclosed is a method of resisting wear.
The method includes applying a boride coating to a first
component and applying a cobalt-chromium-molybde-
num coating to a second component that is in sliding
contact with the boride coating of the first component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The various features and advantages of the dis-
closed examples will become apparent to those skilled
in the art from the following detailed description. The
drawings that accompany the detailed description can
be briefly described as follows.

Figure 1 illustrates a perspective view of an example
article having good wear resistance.

Figure 2A is a cross-section of the article of Figure 1.
Figure 2B is also a cross-section of the article of Fig-
ure 1.

Figure 2C is also a cross-section of the article of
Figure 1.

Figure 3 is an isolated view of an example piston of
the article of Figure 1.

Figure 4A is an isolated view of a housing of the
article of Figure 1.

Figure 4B is another view of the housing of Figure 4A.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0007] Figure 1 illustrates an example article 20 that
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has good wear resistance between moving parts. In the
example, the article 20 is a bleed valve for a high pressure
compressor of an aircraft engine. However, it is to be
understood that the article 20 is not limited to the example
bleed valve and that this disclosure may apply to many
other types of articles.

[0008] In general, the bleed valve includes a housing
22 in which a piston 24 (Figure 2A) moves to control air
flow from a high pressure compressor section of an air-
craft engine to other portions of the engine or as a pres-
sure release. As an example, the bleed valve may be
attached to a compressor housing or other suitable struc-
ture by using bolts 26.

[0009] Figure 2A shows a cross-sectional view of the
bleed valve. Figure 2B shows the same cross-section
view but with the piston 24 shaded. Figure 2C shows the
same cross-section view, but with the housing 22 shad-
ed. The housing defines a bore 28 in which the piston 24
moves during operation of the bleed valve. A spring 30
biases the piston 24 toward an open position.

[0010] As illustrated in an isolated view of the piston
in 24 Figure 3, the piston 24 generally includes a firstend
32 and a second end 34. The first end 32 engages the
spring 30, and the second end 34 is adapted to engage
a poppet 36 (Figures 2A-2C). The second end 34 of the
piston 24 includes a portion 38 having threads for rigidly
securing the piston 24 to the poppet 36. The poppet 36
is shown in an open position wherein air flow from the
compressor travels around the poppet 36 and piston 24
into the housing 22. The air flow exits the housing through
vertically oriented slots 37. The spring 30 normally biases
the poppet 36 to the open position. However, when the
air pressure exceeds the spring bias, the poppet 36 clos-
es such that the piston 24 travels vertically upwards in
the figures. In the closed position, the poppet 36 seals
against seat 39 (Figure 4B) to reduce or stop the air flow
through the bleed valve.

[0011] A main shaft portion 40 of the piston 24 extends
between the first and second ends 32 and 34. The main
shaft portion 40 defines an outer peripheral surface hav-
ing an outer diameter. The portion 38 also defines an
outer diameter, which is less than the outer diameter of
the main shaft portion 40.

[0012] The main shaft portion 40 of the piston 24 in-
cludes a wear resistant coating 42 for resisting wear from
sliding movement within the bore 28 of the housing 22.
As an example, the wear resistant coating 42 is a cobalt-
chromium-molybdenum coating. The cobalt-chromium-
molybdenum coating may have a nominal composition
of 60-64 wt.% cobalt, 26-30 wt.% molybdenum, 6-10 wt.
% chromium, 1-3 wt.% silicon, a maximum of 0.25 wt.%
iron, and incidental impurities. The wear resistant coating
42 may be applied onto the base alloy of the piston 24
using a thermal spray process, such as high velocity oxy
fuel spraying. However, the deposition of the wear resist-
ant coating 42 is not limited and may be applied in or
using other known techniques.

[0013] In embodiments, the piston 24 is formed from
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a base alloy, such as a superalloy material. For instance,
the superalloy material may have a nominal composition
of 50-55 wt.% nickel, 17-21 wt.% chromium, 2.8-3.3 wt.
% molybdenum, 4.75-5.5 wt.% niobium, approximately
1 wt.% cobalt, 0.65-1.15 wt.% aluminum, and a balance
of iron and trace amounts of other elements and inciden-
tal impurities. In a further example, the base alloy of the
piston 24 is Inconel 718.

[0014] The bore 28 of the housing 22 also includes a
wear resistant coating 44 that is in sliding contact with
the wear resistant coating 42 of the piston 24. For in-
stance, the wear resistant coating 44 of the bore 28 is a
boride coating that is on the base alloy of the housing
22. Similar to the piston 24, the base alloy of the housing
22 may be a superalloy material, such as Inconel 718,
that is capable of forming a compact and continuous bo-
ride layer in the surface. As can be appreciated, the bo-
ride coating can alternatively be on the piston 24 and the
cobalt-chromium-molybdenum coating can alternatively
be on the bore 28.

[0015] In embodiments, the wear resistant coating 44
of the bore 28 is a boride coating. A user may form the
boride coating in a boronizing process. Generally, the
boronizing process involves infusing boron into the sur-
face of the base alloy to thereby form the hard, wear
resistant coating 44. The wear resistant coating 44 may
thereby be comprised of boride compounds that are
formed between the boron and the constituent elements
of the base alloy. The boron may also or alternatively be
in solution with the base alloy.

[0016] The combination of the boride wear resistant
coating 44 of the housing 22 and the cobalt-chromium-
molybdenum wear resistant alloy 42 of the piston 24 pro-
vides good wear resistance in the article 20. That is, the
combination of the superalloy material base alloys, the
boride wear resistant coating 44 and the cobalt-chromi-
um-molybdenum wear resistant coating 42 provide good
wear resistance at a maximum operating temperature of
up to 1300°F (704°C).

[0017] Additionally, each of the wear resistant coatings
42 and 44 may have a predetermined surface roughness
that further facilitates wear resistance. For instance, the
surface roughness of the wear resistant coating 42 and
44 may be approximately 8 microinches roughness (RA)
or less. In the processes of forming the wear resistant
coating 42 and 44, the piston 24 and the housing 22 may
be machined after formation of the wear resistant coating
42 and 44 to provide the desired surface roughness. In
the case of the boride coating, which is nominally harder
than the wear resistant coating 42 of the piston 24, ad-
ditional secondary machining operations may be desired
to achieve the selected surface roughness. Moreover,
because of the relatively high hardness of the boride coat-
ing, the surface of the bore 28 of the housing 22 may be
prepared prior to formation of the boride coating to reduce
or eliminate the need for post-coating machining opera-
tions. For instance, the surface roughness of the bore 28
may be 8 microinches (RA) prior to formation of the boride
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coating. Additionally, other characteristics of the surface
of the bore 28 may be controlled to achieve the desired
surface roughness of the boride coating.

[0018] Although a combination of features is shown in
the illustrated examples, not all of them need to be com-
bined to realize the benefits of various embodiments of
this disclosure. In other words, a system designed ac-
cording to an embodiment of this disclosure will not nec-
essarily include all of the features shown in any one of
the Figures or all of the portions schematically shown in
the Figures. Moreover, selected features of one example
embodiment may be combined with selected features of
other example embodiments.

[0019] The preceding description is exemplary rather
than limiting in nature. Variations and modifications to
the disclosed examples may become apparent to those
skilled in the art that do not necessarily depart from the
scope of the invention, which is defined by the claims.
The scope of legal protection given to this invention can
only be determined by studying the following claims.

Claims

1. An article having (20) good wear resistance, com-
prising:

a first component (22) including a boride coating
(42); and

a second component (26) including a cobalt-
chromium-molybdenum coating (44) that is in
sliding contact with the boride coating of the first
component.

2. The article as recited in claim 1, wherein the cobalt-
chromium-molybdenum coating comprises 60-64
wt.% cobalt, 26-30 wt.% molybdenum, 6-10 wt.%
chromium, 1-3 wt.% silicon and a maximum of 0.25
wt.% iron.

3. The article as recited in claim 1 or 2, wherein at least
one of the first component or the second component
comprises 50-55 wt.% nickel, 17-21 wt.% chromium,
2.8-3.3 wt.% molybdenum, 4.75-5.5 wt.% niobium,
approximately 1 wt.% cobalt, 0.65-1.15 wt.% alumi-
num, and a balance of iron and trace impurities.

4. The article as recited in claim 4, wherein the first
component and the second component comprise
50-55wt.% nickel, 17-21 wt.% chromium, 2.8-3.3 wt.
% molybdenum, 4.75-5.5 wt.% niobium, approxi-
mately 1 wt.% cobalt, 0.65-1.15 wt.% aluminum, and
a balance of iron and trace impurities.

5. Thearticle asrecited in any preceding claim, wherein
the first component and the second component com-
prise identical nickel-based superalloy composi-
tions.
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The article as recited in any preceding claim, wherein
the boride coating is a continuous boride layer.

The article as recited in any preceding claim, wherein
the boride coating includes compounds of boron and
constituent elements of a base alloy of the first com-
ponent.

The article as recited in any preceding claim, wherein
the first component and the second component are
parts of a valve.

The article as recited in any preceding claim, wherein
the first component is one of a housing defining a
bore (28) having an inner diameter and a piston re-
ceived for movement within the bore and having an
outer diameter, and the second component is the
other of the housing and the piston.

The article as recited in claim 9, wherein the piston
includes a poppet (36) attached to a shaft (40).

The article as recited in claim 9 or 10, wherein the
piston includes a shaft including a first portion (32)
with a first diameter and a second portion (38) with
a second, smaller diameter relative to the first diam-
eter; preferably wherein the second portion includes
a threaded end.

A method of resisting wear, the method comprising:

applying a boride coating to a first component
(22); and

applying a cobalt-chromium-molybdenum coat-
ing to a second component (26) that is in sliding
contact with the boride coating of the first com-
ponent.

The method as recited in claim 12, including infusing
boron into a base alloy of the first component.

The method as recited in claim 12 or 13, including
thermally spraying the cobalt-chromium-molybde-
num coating onto the second component.

The method as recited in claim 12, 13 or 14, wherein
the cobalt-chromium-molybdenum coating compris-
es 60-64 wt.% cobalt, 26-30 wt.% molybdenum, 6-10
wt.% chromium, 1-3 wt.% silicon and a maximum of
0.25 wt.% iron.
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